The combination of Augmented Reality (AR) and pervasive games in urban environments offers a great opportunity for learning about a specific urban environment. Since pervasive games are played in a physical space, the user familiarity with such environment might play a key role in the user motivation and in the whole user experience. In this paper, we analyse how an augmented reality pervasive game is experienced in an urban game. The aim of the game is to engage people in informal learning activities increasing their knowledge about a specific area. We also introduce the concept of Personal Urban Awareness (PUA) as a way to represent the level at which a person feels connected and knows about a specific environment. Thus, we try to find out whether the user engagement and PUA are related. In order to research this, we run an experiment where two groups of users, familiar with the environment and not familiar with it, play the augmented reality game in an urban space. The results suggest that AR pervasive games might be a good approach to engage citizens and improve their awareness about a specific area.
Introduction
According to the United Nations Department of Economic and Social Affairs (UN DESA), our future will be urban. By 2030, 43 cities around the world will have 10 million or more inhabitants [28] . This trend points directly to the importance of solving complex problems that cities are going to face in a very near future [8] . How to manage many of these issues is directly related to datadriven systems and technological driven solutions usually referred as the Smart City. However, Smart Cities received some criticism [1, 11] and an alternative notion called "Playable Cities" emerged [16, 19] . This concept shifted the focus from the data-driven approach to a citizen-centred one. The purpose of this initiative is to engage people with games and playful activities in the citymaking process as well as improve their knowledge and the cohesion in the city.
Mobile pervasive applications provide the technological platform to develop games that support more interactive experiences in playful smart cities [9] . Moreover, pervasive games can be used for several serious purposes. For example, urban exploration [18] , to increase the students engagement in the learning process [17] and also for improving the people motivation to learn about the Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by otherssurroundings [2] . Most of such pervasive games are played on the smartphone which integrates functionalities such as GPS, compass and wireless connection and, in turn, these technologies support the portability of the device and, consequently, a pervasive approach. The usage of the combination of Augmented Reality (AR) and pervasive games in urban context provides a great opportunity for learning about a specific urban environment. In this work, we investigate whether using this type of applications can be exploited to learn about the history of one urban environment, in our case, a historical building of our university which mostly goes unnoticed by the students.
In the context of pervasive games, there is a strong link between the digital game and the physical space. Therefore, the user's familiarity with the environment, which is the playground in pervasive games, plays an important role within the game, influencing the user motivation and the whole user experience. Thus, we introduce the concept of Personal Urban Awareness (PUA) as a way to represent the level at which a person feels connected and knows about a specific environment.
Moreover, we want to research whether there is a connection and a relation between the PUA and the level user engagement. In order to do so, we carried out an experiment that compares two different participant profiles playing the same game, familiar with the playground and those who are not familiar with it.
To sum up, the research aims at answering two questions: The paper is organized as follows. Section 2 introduces the background of this research. Section 3 describes the AR pervasive game that will be used in the empirical study. Next section describes the experiment whose results are analysed in section 5. The paper ends with drawing some conclusions of the work, the limitations of the experiment and what could be the future steps in the investigation.
Background
Seeing the cities through the perspective of people is in the core of the Playable Cities concept [16, 19] . This initiative encourages the development of playful and engaging experiences for citizens in the urban spaces. The aspiration is to promote the participation of citizens in urban planning, improve the general sense of community, support informal learning and increase the feeling of belonging and caring of urban areas [6, 16, 19] . For achieving these goals, pervasive games are adopted because they can generate a tight connection with the physical environment [13] and they provide a powerful play experience [16] . Moreover, playing with this type of games has benefits in terms of users well-being [10] and social interactions [12] . Many mobile pervasive games have been used to engage people in healthier habits and produce a more ethical and collaborative behaviour in society. For instance, Gamifying the City [3] wants to improve the citizens general wellbeing by making them play while participate in the urban design in a collaborative way. Another relevant example is Chronica Mobilis [24] that tries to bring attention to the gentrification of one neighborhood in the city of Barcelona.
When augmented reality (AR) is added to pervasive games, the resulting experience benefits from the combination of superimposing digital information into the physical environments where the game is played and the portability of the technology. The consequence is an engaging and playful context [16] . In fact, it has been proved that AR is a useful way to contextualize information in the physical world [5, 14] and a valuable approach to engage citizens [2, 3] which in turn affects positively the user experience. These AR urban games offer a new way to get to know the city in different ways [4] by adding new meanings to the environment and involving citizens in the public life while playing [3] .
Our work reflects on how pervasive games could be used to learn about a particular urban environment and how the gaming experience could affect our perception of a physical space. In particular, we aim at understanding if the players' familiarity with the environment affects their engagement while playing with the game. In addition to this, pervasive games in the context of playable cities also aim at raising awareness about the urban spaces, therefore, we want to use this approach in order to improve the perception of a certain space by using the game. With this purpose, we introduce and measure the concept of Personal Urban Awareness (PUA). This concept is rooted in two notions, one is the Environmental Education and the other one is Local Awareness. Environmental Education was introduced by Stapp [27] to represent how citizens are more motivated to improve their environment if they are aware and educated about it. Instead, the concept of Local Awareness is related with the idea of awareness of Schmid [25] . He explains the notion of awareness as an attribute of an action. Where the actor of the action aligns and integrate their activities with their context, without interrupting the current line of action and in a seemingly effortless way. If we transpose this concept in the context of AR pervasive games, it could be the action of searching a virtual object with the AR layer in the real world and at the same time know more the physical space. For instance, PUA will be then the active process through which users acquire knowledge and interest about a specific urban environment while they are playing with a pervasive application.
A Pervasive Game for Urban Awareness
In order to understand whether pervasive AR games could be used to improve citizen awareness of a specific urban context and to evaluate the impact of the users' familiarity with the environment on the user, we developed a mobile AR pervasive game in the context of our university. The game has been already introduced in [23] .
The aim of the game is to connect university students with the historical context of one of the buildings in our campus. The campus is located in a suburban area with a particular historical interest. However, most inhabitants and specially students to not pay attention to the historical roots of the city.
Scenario of the Game
The game describes the period of the Spanish Independence war (Uprising of 2 nd of May). This war took place in 1808 and at this time the Sabatini building, which is the main building of the campus, was occupied by the French Hussar Regiment. The users play the role of the citizens of the town and their goal is to help to assault the Sabatini building to liberate it from the French army. In order to help, players are requested to collect the pieces of a cannon that are scattered around the building. In order to collect a cannon piece, they need to locate it on the top-view map (see Figure 1 ) and walk towards its position. Once they reach the exact position they have to answer a question related to the historical context of the building and the events that happened there. When they have picked up all the cannon pieces, they can mount the cannon and shoot it towards the building, then one round of the game is considered completed.
Game Mechanics and UI
At the beginning of the game, a brief introduction to the historical context and an explanation of the main interactions of the game is given to the player. After that, users need to search for the first cannon piece with help of the top-view map provided in the game interface (see Figure 1 ). There isn't a pre-defined order in the collection of the objects, the player decides freely how to explore the surroundings. Every player starts the game on the same spot in order to avoid biases on the path to chose. The cannon pieces are virtual objects placed around the player with a real reference to the real-world using AR.
In order to pick up the pieces, the player has to be close enough to the area where the object is located. At this moment, a question concerning the surrounding appears on the screen and the player has to answer. Right after, a short explanation of the question is shown to promote learning about the surroundings (see Figure 2) . After that, the player has to virtually collect the piece through an AR view. The user sees a virtual layer with the piece in the real environment (see Figure 1 ).
Once the players have collected all the five pieces, they need to walk towards the shooting point where they can mount the cannon and shoot it. There is an explanatory video that shows the process and the interactions of the game 1 .
1 www.youtube.com/watch?v=LttUqsSYt70 The user interface was designed paying special attention to the aesthetics of the game as a factor that can influence the user engagement [21] . A deeper explanation of the game design can be found in [23] . The usability, the safety and the technical limitations of the game were evaluated in a usability study [7] . The results of the study confirmed that the system was perceived as highly usable and safe to play in the chosen environment.
Experiment
This experiment aims at contributing to the definition of a theoretical framework for the evaluation of the engagement of pervasive games in the context of playable cities. This contribution consists of two steps: first, evaluating the User Engagement and see whether it is influenced by the users' familiarity with the surroundings. Second, assessing the PUA and checking whether PUA is correlated with user engagement.
The method chosen for the assessment of the experiment is a selfreported measurement, namely a combination of questionnaires as described below. 
Study Design
The experiment follows a between-subjects design where the same condition is evaluated with two different types of users: people who are not familiar with the campus, that is, who have never been there or up to 5 times; and, people who are familiar with the environment, namely people who are in the campus on a regular basis (e.g. weekly or daily). The recruitment followed a convenience sampling approach and the unique requirement for participating in the study was to belong to one of the two groups.
Participants
27 participants were recruited for the experiment. 13 users were in the not familiar condition and 14 familiar. Among the 27 participants, 15 users were males (55.6%) and 12 females (44.4%). Concerning their experience with AR technology, 15 users were beginners (i.e. has used AR pervasive games less than 6 times before the experiment), and 12 were expert users. The majority of the users fits in the age range of 18-24 years old (n = 16), 8 participants are in the range of 25-34 years, 2 users in the 35-50 range and only one was under 18.
Apparatus
The game has been implemented in Unity using Vuforia 2 for the AR interactions and it is developed for Android devices (Android 8.0). The application uses the GPS to track the players' position and the compass to orient them in the map.
Procedure
The experiment was carried out in the Sabatini building, the main building in the university campus of the Universidad Carlos III de Madrid.
Firstly, participants were asked to sign an informed consent that stated their participation was voluntary and the collected data were anonymised and only used for research purposes following the process approved by the ethics committee.
Afterwards, a researcher explained the game and provided users with a smartphone with the game. Participants started to play all in the same location of the campus. They were asked to play one full round of the game and, subsequently, to fill the questionnaires in the laboratory.
Material
The combination of questionnaires aims at assessing different criteria in the two conditions. In particular, the following criteria were assessed:
• Demographics. The questionnaire included 5 general questions about the background of the participants concerning their age, gender, level of education, familiarity with the campus and previous experience with AR pervasive games.
•
User Engagement. The most common self-reported measurement to assess the user engagement is the User Engagement Scale (UES) [20] . However, the combination of several questionnaires leads to a considerably high number of items requiring an excessive effort for participants. Therefore, we decided to opt for the UES-Short Form [22] , which has been proved to be a shorter and more flexible version.
• Personal Urban Awareness. This part consisted of a 3-questions survey (see Table 1 ) meant to assess the level of PUA in terms of the attachment to the university environment. In a second moment, we investigate whether this theme influences the user engagement comparing the two groups, Familiar and Not familiar. After playing the game I feel more attached to this environment.
PUA 2
After playing the game I feel more connected to the university. PUA 3 I would like to use Augmented Reality games to be more aware about any urban environment that surrounds me.
Results

User Engagement Evaluation
The answers of the UES-SF questionnaire [22] are measured in a 5-point Likert scale (1=strongly disagree, 5=strongly agree). Each question has a score and it's categorized within the different categories of the User Engagement (namely, Focused Attention, Perceived Usability, Aesthetics and Reward). In order to calculate the score for each user we use the UE General, which is the average between the categories' scores [22] .
In general, the results of the UES-SF are positive. The average of the UE General scores is 3,836 out of 5 (SD = 0,46). Nevertheless, if the scores are analysed by categories, they are notably different, as shown in Figure 3 . The highest score belongs to the category Perceived Usability (4,6/5; SD=0,52) due to the fact that a usability study was carried out before the experiment [7] . Conversely, the lowest results with a higher Standard Deviation were obtained for the Focused Attention (3,160/5; SD=0,87). The remaining categories scored positively, Aesthetic category has an average score of 3,605 out of 5 (SD = 0,67) and the Reward category scored 3,975 out of 5 (SD = 0,58).
If the UE General scores are compared according to the two conditions, familiar users scored on average 3.7 (SD = 0,42) and the not Familiar participants 3.955 (SD = 0,49). There is not a statistically significant difference between the two sets, in fact, the p-value obtained through ANOVA test is above 0,05 (p = 0,2). Consequently, we cannot state that familiarity has an impact in user engagement. 
Personal Urban Awareness
The reliability of the PUA questionnaire has been evaluated through the Cronbach's Alpha (α = 0,58). The results show that it is lower than the acceptability threshold, set at 0.7 by the rule of thumb [15, 26] . However, the correlation between PUA3 and the other two items (PUA1 and PUA2) is pretty low. This might suggest that the question PUA3 was perceived with a different meaning by users. As a matter of fact, if only PUA1 and PUA2 are considered for the calculation of the internal reliability, the value of alpha increases to 0,65.
The results of the PUA questionnaire are mostly positive (avg=3,65/5) as shown in Figure 4 . Nonetheless, two users' scores are negative (i.e. lower than 3) and one neutral (i.e. equals to 3). Subsequently, we calculated the Pearson Correlation Coefficient to examine whether there is a correlation between the UE General and the PUA. There is a weak positive correlation between the two sets (r=0,32).
Figure 4: Results of the PUA1 and PUA2 questionnaire divided by familiarity categories
The increase of the reliability when considering only the questions PUA1&PUA2 gives us an insight that PUA3 might have been misinterpreted. Therefore, we analysed the results without considering the question, the average of the final scores is 3,59 out of 5 and the correlation between PUA and the user engagement rises (r=0,593) with the increase of the reliability (from 0,58 to 0,65).
Discussion
Despite the differences between the categories of the UES-SF, we can deduce that the AR pervasive game engaged positively users who played with it during the experiment. The result of the category Focused Attention, which is the lowest score, is coherent with the type of game. In fact, pervasive games are played in an urban context and, therefore, for safety reasons they require attention to the events that happen in the playground.
The results of the PUA questionnaire show that playing with the game enhances the participants' Personal Urban Awareness. In other words, after playing the game, participants felt more connected to the university by knowing more about its historical events and facts about the main building. The PUA questionnaire items need further refinement since they are not reliable, largely because the PUA3 has been misinterpreted by participants.
The correlation between the User Engagement and the Personal Urban Awareness is weak. Therefore, at the moment we cannot conclude that PUA is influencing directly the User Engagement in the context of AR pervasive games. However, further analysis revealed a promising trend: with the increase of the scale reliability, the correlation between the two sets of data grew.
The main limitation of the experiment lies on the proposed PUA questionnaire reliability. In fact, the Cronbach's Alpha shows that the methodology is not completely solid. Another limitation lies on the variety of the participants since the group was not well balanced in terms of age. Probably, with a wider range of age would give a broader perspective on the target population for this kind of pervasive game.
Conclusions and future works
In this paper, we describe the use of an AR pervasive game for improving the awareness of the urban surroundings by learning about the history of the university buildings with a playful approach. This research exemplifies how the user engagement and the personal urban awareness can be assessed adopting userreported measurements in the context of AR pervasive games. The results show that there are some insights that could indicate that PUA has an impact on the user engagement (RQ2).
As far as the evaluation of the game is concerned, it has been perceived as engaging by the participants according to the results of the UE-SF questionnaire. In fact, the results show that there aren't negative or neutral scores. In addition to this, the evaluation of the game demonstrated that the game helped to create a tighter connection between participants and the explored environment, that is the game playground.
The comparison between familiar and not familiar participants shows that not familiar users are more engaged while playing the game, though, there aren't significant differences between the two types of subject (RQ1).
The data analysis brought to the conclusion that the reliability of the adopted questionnaire has been affected by the miscomprehension of the item PUA3. As a next step in the research, we want to improve the PUA questionnaire reliability by adding new items and improving the older ones.
Further, we want to improve the game experience and develop a collaborative version of the game in order to investigate whether playing with other work as a catalyst for the PUA and improves the sense of belonging to a specific urban environment.
